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Abstract: Measuring the comparative sustainability levels of cities, regions, institutions 
and projects is an essential procedure in creating sustainable urban futures. This paper 
introduces a new urban sustainability assessment model: ―The Sustainable Infrastructure, 
Land-use, Environment and Transport Model (SILENT)‖. The SILENT Model is an 
advanced geographic information system and indicator-based comparative urban 
sustainability indexing model. The model aims to assist planners and policy makers in their 
daily tasks in sustainable urban planning and development by providing an integrated 
sustainability assessment framework. The paper gives an overview of the conceptual 
framework and components of the model and discusses the theoretical constructs, 
methodological procedures, and future development of this promising urban sustainability 
assessment model. 
Keywords: sustainable urban development; urban sustainability; urban sustainability 
assessment; indicator-based sustainability assessment; sustainability indicators; 
sustainability indexing model 
 
 
1. Introduction 
 
In recent years climate change and other rising environmental concerns and problems have put 
sustainable urban development on the top of the agenda in almost every city across the world [1,2]. 
The increased and urgent environmental agenda has engendered the need for employing sustainability 
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assessment frameworks as key mechanisms for measuring the impacts of development on the 
environment, and as key policy instruments for supporting the transition to a sustainable urban 
development path [3,4]. Particularly during the last decade, sustainability assessment via indicators 
and indexing methods has gained recognition. This is mainly because of the visualisation of 
phenomena and the highlighting of trends based on reliable variables being highly considered as 
logical approaches in determining comparative sustainability levels [5]. Among the experts, there is a 
common agreement on using sustainability indicators for assessment, provided that they are selected 
and applied carefully and appropriately [6]. Indicators help in the performance assessment of the 
development, and of the overall effectiveness of partnerships to improve economic, social and 
environmental well-being of urban settings. Beyond the assessment purpose, sustainability indicators 
are also crucial in developing awareness of urban and environmental problems, and in advocating the 
need for achieving sustainable urban development [7].  
Following the wide acceptance of the sustainable urban development notion, finding an accurate 
way to assess and measure comparative sustainability levels of existing and future developments has 
become an important issue [8,9], and, there have been various studies which have proposed different 
methods for sustainability assessment [10-13]. A thorough review of some of these assessment tools 
are presented by Karol and Brunner, particularly scrutinising six key neighbourhood scale 
sustainability assessment tools—the Cascadia Scorecard, the LEED (Leadership in Energy and 
Environmental Design) for Neighbourhood Development Rating System, One Planet Living (OPL), 
the South East England Development Agency (SEEDA) Checklist, SPeAR® (Sustainable Project 
Appraisal Routine), and VicUrban Master Planned Community Assessment Tool [14].  
Although there are various sustainability assessment methodologies, models and tools developed so 
far, only a few have an integral approach that takes into account all of the environmental, economic 
and social aspects. According to Singh et al. [5] ―…in most cases the focus is on one of the three 
aspects. Although, it could be argued that they could serve supplementary to each other, sustainability 
is more than an aggregation of the important issues, it is also about their inter-linkages and the 
dynamics developed in a system. This point will be missing if tried to use them supplementary and it is 
one of the most difficult parts to capture and reflect in measurements…‖  
Hacking et al. [15] advocate that the confusion inherent in sustainability assessment methods might 
be avoided by gathering all these methods under a broad umbrella of ―sustainability assessment 
appraisal‖ and forming a more precisely defined method based on sustainability indicators. The 
literature indicates limitations of the existing assessment models and sustainable urban development 
requests, which are rapidly increasing in sophistication, and this creates an urgent need for more 
effective assessment methods and tools [16,17]. 
In line with these sentiments, this paper reports a study that develops a comprehensive 
sustainability assessment model entitled ―The Sustainable Infrastructure, Land-use, Environment and 
Transport Model (SILENT)‖, which aims to provide a more effective sustainability assessment by 
taking all of the major aspects affecting sustainability into account: environmental, economic and 
social. The SILENT Model is developed as an advanced geographic information system and  
indicator-based urban sustainability indexing model. The model considers the sustainability of  
land-use, environment, transport systems and infrastructure with a triple bottom line approach, and 
uses similar steps of the OECD Composite Indicators Methodology [18].  
Sustainability 2010, 2              
 
 
323 
This paper is organised in four sections. Following this introduction, secondly, we highlight the 
nature and importance of indicator-based comparative urban sustainability assessment, which is 
increasingly recognised as a successful sustainability assessment method. Thirdly, we present the 
conceptual and methodological approach of the SILENT Model. In this section, we also introduce the 
four key components of the model: conceptual, indicator, indexing and policy-support bases of the 
model. Lastly, we outline potential policy implications and plans for further development of the 
SILENT Model. 
 
2. Indicator-Based Comparative Urban Sustainability Assessment  
 
As Meadows [19] notes, indicators arise from values and, in turn, they create values; therefore, the 
biggest advantage of an indicator-based comparative urban sustainability assessment model is the 
quantifiability of the comparative sustainability levels. Another instrumental purpose of using 
sustainability indicators is that ―…by visualising phenomena and highlighting trends, indicators 
simplify, quantify, analyse and communicate otherwise complex and complicated information…‖ [20]. 
Depending on these qualities, indicators have attracted a wide range of interest, and this has led to 
generation of a large number of relatively successful urban sustainability assessment practices. The 
main difficulty faced while using indicators is to find a common unit and method of measurement 
leading to comparison of performance of a setting or policy package. Over the last decade, there has 
been an increasing effort to structure an indicator system and monitoring process to accurately 
formulate an integrated urban sustainability monitoring and assessment strategy.  
In such a strategy, even though the ecological footprint is not a composite indicator, because both 
composite indicators and the ecological footprint collapse all sustainability issues into a single number, 
the ecological footprint approach is considered useful in finding a common unit for measurement [21]. 
The ecological footprint documents the extent to which human economic activities stay within the 
regenerative capacity of the biosphere. It considers consumption or production perspectives related to 
the activities of cities, corporations and individuals, and their role in non-renewable resource depletion. 
This approach is popular because its standardised measurement—global hectares—can be employed 
when making urban and project based comparisons [22]. This generalised and comparable 
measurement is often used by public and private institutions, and this is seen as a positive development 
in urban policy analysis [23]. As emphasised by McManus and Halighton [23], the ecological footprint 
concept contributes to focusing on and minimising consumption patterns and changing global aspects 
of these patterns.  
From a local perspective, sustainability indicators reflect large scale environmental and economic 
considerations, as well as local social issues relevant to urban sustainability. In general, catchments, 
habitats of endangered species and natural reserve areas form environmentally sensitive regions, and 
environmental sustainability considerations are highlighted at the local and regional scales. In terms of 
economic activities and urban communities, a divergent range of spatial units, such as; from 
metropolitan areas to small scale infill areas, are the main subjects of local level sustainability studies. 
In these studies, there is a growing concern to balance environmental, economic and social dimensions 
of sustainability [24]. The sustainability of local economy, residential and industrial consumption, 
recycling, energy security, renewable energy use, local pollution, preservation of ecologically sensitive 
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areas, accessibility to urban services, demographic changes, immigration and integration of social 
groups, social and gender equity, urban poverty, quality of life, sense of community, public security, 
participation in local decision making process, education, literacy, and public health are among the key 
indicator categories that can be found in nearly all sustainability assessment endeavours at the  
local level. 
The scope and contents of local indicators differ from one project to another. However, the primary 
intention of a sustainability assessment is to include the most prominent local indicators in the 
assessment model. An assessment model with a comprehensive coverage of key issues provides 
findings that, in an extensive and inclusive decision making platform, could support the development 
of policies and actions for a more sustainable urban future [25-27]. 
In order to measure the comparative level of sustainability accurately, sustainability indicators 
ought to be carefully selected. On the theoretical front, indicators should relate to sustainability and 
represent all necessary sustainability domains (i.e., economic, environmental, social, and also 
institutional). On the practical front, they should have appropriate parameters that would make 
assessment possible. Lautso et al. [28] define the key indicator selection issues as relevance, 
representativeness, policy and predictability. Furthermore, indicators need to be scientifically valid, 
responsive to the changes in the system, understandable, and flexible enough to encompass new 
knowledge and public perceptions [29]. In relation to the data availability and quality, indicators 
should be as few as possible; however, no essential indicator should be omitted for purposes of brevity. 
Even if these qualities are context-dependent and not exhaustive, as Hak et al. [30] state, ―…features 
of a robust indicator include a simple and unified method, commonly agreed issues and targets of wide 
applicability, transparency in the process, and agreement between partners on the process…‖  
Most indicator-based approaches only highlight issues, and do not provide an answer to the 
question of why the level of sustainability differs from one place to another. In other words, in most of 
these approaches, the link between theory and practice has not been well established. Therefore, it is 
important that key indicators need to be supplemented by qualitative and quantitative information on 
impact and performance levels. In this regard, a good sustainability assessment practice example is 
The Bellagio Principles developed by the International Institute of Sustainable Development [2]. These 
principles serve as guidelines for the assessment process, including the selection and design of 
indicators, their interpretation, and the communication of results, to provide a link between theory  
and practice. 
 
3. The SILENT Model 
 
Unsustainable urban development occurs mostly as a result of the inherent interdependence 
between urban form, transportation and infrastructure, and their impacts on the environment. Therefore, 
for this research our operational definition of urban sustainability is ―the long term viability of urban 
living that minimises the negative impacts of urban demography, land use, urban form and transport on 
the environment‖. As explained in the previous sections, sustainability assessment plays an important 
role in portraying unsustainable urban development as well as good sustainability practices. 
Considering the constrains and limitations of existing sustainability assessment methods, and the tools 
depicted and discussed in the literature, this paper reports a study that develops a local level 
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comprehensive sustainability assessment model. ―The Sustainable Infrastructure Land-use 
Environment and Transport Model (SILENT)‖ is an advanced geographic information system (GIS) 
and indicator-based urban sustainability indexing model. The spatial indexing nature of the model is 
particularly useful for the analysis and the visualisation of comparative sustainability levels of urban 
localities. As a spatial indexing endeavour, the specific aim of the model is to incorporate all related 
domains affecting urban sustainability (i.e., demography, land-use, environment, transport and 
infrastructure) into a practical assessment method that informs planning and decision making processes. 
The SILENT Model is developed by following four logical steps similar to the OECD’s Composite 
Indicators Methodology [18].  
Firstly, a relevant measurement method to evaluate performance of urban sustainability is selected. 
As the background provided in the earlier literature review sections suggests, an indicator-based 
sustainability approach is selected due to its conceptual consistency and practical simplicity. 
Additionally, the SILENT Model uses performance indicators selected from the current planning 
schemes that reflect local sustainability concerns (i.e., Gold Coast City Planning Scheme’s 
sustainability indicators). Secondly, to gauge the comparative sustainability levels of the urban settings, 
a number of indicator categories, sets, individual indicators and parameters are employed  
(see Appendices 1). By using relevant indicators, the model analyses and pictures the comparative 
sustainability levels mainly based on the composite effects of urban form, transport and infrastructure 
interrelationship and their impacts on the environment. The third step is aggregating the values of each 
area by individual indicators to form a composite index. This step includes associating different 
indicators to form a composite index by assigning and considering each indicator’s individual 
weightings. To do this, a number of statistical procedures are applied. Although at the first glance the 
SILENT Model looks like only a composite indexing system, actually it also benefits from 
multivariate analysis in forming the indicator base of the model. At this initial practice, reported in this 
paper, only factor analysis is employed as a multivariate analysis technique, however, along with 
factor analysis a stepwise regression method is also possible to be used in order to determine the best 
fitting sets of indicators to identify sustainability levels. Finally, the model outputs—the spatial 
sustainability composite index values—are prepared for use in the benchmarking and policy making 
processes. As well as revealing the existing comparative levels of urban sustainability, the model can 
also be used to estimate the sustainability outcomes of alternative development scenarios. 
The main characteristic of the SILENT Model is that it uses a grid-based system and divides the 
study area into small grid cells (e.g., 100 × 100 m). The grid-based analysis is particularly popular in 
accessibility indexing studies due to its strengths in condensing the analysis into comparable same size 
analysis units—for example, LUPTAI [31]. The model assigns values of various attributes of urban 
settings into each grid cell by using an indicator-based assessment system. The completion of value 
assignment to each grid cell for each indicator forms a composite index in both tabular and dynamic 
visual forms (that are tables and GIS maps) to display the results of the sustainability assessment 
performance of the locality. The model is also equipped to be run for policy and scenario testing. The 
nature of the iterative use of the SILENT Model provides a dynamic and process-dependent 
sustainability evaluation.  
The structure of the SILENT Model is illustrated in Figure 1 below. There are four constituent parts 
of the model: conceptual base of the model; construction of the indicator base of the model; urban 
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sustainability indexing base of the model; and the policy and decision support base of the model. 
These constituent parts of the model are explored in detail below.  
The concept of sustainability and its spatial or urban structure dimension constitute the theoretical 
foundation of the SILENT Model. In terms of sustainable urban development and sustainable 
communities, urban form, mobility pattern and infrastructure provision are the primary issues 
connected to the environmental domain of sustainability. Urban policy considerations are generally 
delineated by land-use and transportation plans and infrastructure investments. Naturally, all 
endeavours related to urban development carry infrastructure and service considerations into the 
planning activities. Therefore, the question remaining is: how to define and measure the interrelated 
qualities of this construct to portray interventions designed to form more sustainable communities. 
Indicators and indices are frequently used means for generating sustainability policies and making 
comparison among different aspects of the sustainability performance. Even if they are widely used 
tools, the theory behind the indicator-based description of urban sustainability (with scientific 
reasoning) frames the structure of the research and has immense importance for the robustness and 
reliability of methods. Even though there is no unified method in the indicator-based sustainability 
assessment, the literature contains a considerable number of studies with different concerns, such as 
development, market and economy, innovation and knowledge, and ecosystems [5]. These studies 
employ indicators or index-based models to perform sustainability performance evaluation, and are 
invaluable sources that shed light on the practicability and theoretical strengths of the SILENT Model. 
The data requirements of the SILENT Model highlight the dual relationship between theoretical 
robustness and data accessibility and quality considerations. While the theories related to the variables 
of urban sustainability considerations convey a very wide and interrelated picture, finding respective 
data from available sources is not always an easy task. In some cases, available data may not have the 
desired scope, or have statistical flaws that may result in biased measuring and forecasting. 
Additionally, auto-correlation between indicators is another issue that could jeopardise model 
reliability. In some respect, the selection of data is based partly upon intuition and partly on subjective 
judgement, a situation not uncommon when building a decision support model [5,32]. A carefully 
designed indicator selection procedure of the model helps in making the model more concise and cost 
effective by avoiding unnecessary data collection costs. Data availability effects the selection of 
suitable indicators. As explained by Hak et al. [30], indicators are merely assessment tools; therefore, 
the cost of improvements should not limit the capacity to implement policy. This is to say as in the 
case of the SILENT Model, indicators also need to be selected in a cost-effective way. 
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Figure 1. Structure of the SILENT Model. 
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3.1. Conceptual Base of the Model 
 
Based on the aforementioned conceptual and technical issues, the review of the literature and the 
best practice model and cases, the SILENT Model accommodates four key indicator category areas of 
―demography‖ ―land use and urban form‖, ―transport‖ and ―environment‖, in order to best explain  
the social, economic and environmental sustainability of an urban locality under investigation  
(see Figure 1). As the literature indicate, these four broad categories represent all of the major human 
activity areas that play a critical role in effecting sustainability levels of urban environments [2,15]. 
These categories are considered as generic global categories so as the indicator sets. In terms of 
indicators this study purposely selected suitable indicators for the case of Gold Coast City, Australia. 
However, the methodology presented in this paper could be easily replicated elsewhere as long as 
indicators are carefully selected to reflect sustainability characteristics of the local context clearly.  
 
3.2. Indicator Base of the Model  
 
In keeping pace with the growing interest in sustainability research, there have been various studies 
proposing different scope and content for sustainability indicators. Also, depending on the scale of the 
consideration, it is very common to see local and regional indicators defined separately for 
sustainability assessment. Putting the spatial scale aside, one of the strengths of the SILENT Model is 
its indicators being conceptually robust and practically relevant to the urban sustainability context. 
While conceptually robustness refers to the inclusion of all of the key indicators based on the relevant 
theoretical grounding, the practical relevancy highlights a selection of suitable indicators by 
considering data availability, policy guidance, and institutional and public priorities. The main 
difficulty faced while using indicators is to find a common unit of measurement to compare 
performance of the setting or policy package. Gasparatos et al. [33] state that there are three widely 
used sustainability assessment methods: monetary tools; biophysical models; and sustainability 
indicators and composite indices. As done for cost-benefit analysis of environmental assessment, 
converting externalities into monetary terms is the most preferred approach, while another popular 
method is to convert parameters into units of global hectares as required by the carbon footprint 
concept. Biophysical models refer to entropy and carrying capacity concepts. For example, the global 
hectares concept posed by the carbon foot-printing method is a biophysical measure which is easily 
understandable, comparable, and frequently used for policy formulation. However, converting some of 
the social and environmental qualities such as traffic fatalities, endangered species, protected habitats, 
and human health into common units might be a challenging task. In the light of the literature findings, 
the SILENT Model uses ecological foot-printing as a common unit of measurement in its sustainability 
indicators and composite indices-based assessment methods. 
As mentioned previously, the SILENT Model uses an indicator-based assessment system. From a 
pool of over 600 indicators, gathered from a thorough review of the literature [30,34,35], the most 
relevant indicators, 30 of them, are selected to form the indicator system. The indicator selection 
decision is made by a team of dozen experts, five researchers, five practitioners and two local 
government policy makers, in a collaborative manner through a series of workshops. The most relevant 
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indicators for the study area of the Gold Coast City, Australia are selected by considering the literature 
(theory), local context and data availability (practicality). 
Each indicator is located under a relevant indicator set, and each indicator set is placed under an 
indicator category based on their theoretical relationship. The SILENT Model uses suitable parameters 
in the indicator-based measurement process. Assigning parameters to indicators is not always an easy 
task. In some cases, it is inevitably hard to define parameters, especially for social and  
value-dependent measures. For these measures in the model, searching for an innovative approach, 
localising measures via public involvement and reconciliation, or using proxy variables is considered a 
solution. If parameters can be determined via literature and other sources, they are used. If not, new 
parameters are established by using Delphi method. For the Delphi method the same aforementioned 
expert team of a dozen people are contacted through a set of face-to-face meetings for interviews and 
surveys in order to determine most suitable parameters for each indicator. The indicator category, 
indicator sets and individual indicators are listed in Table 1 below. Additionally Appendix 1 lists a 
more detailed version of this table including parameters and sustainability calculation formulas of  
each indicator.  
Table 1. Indicator System of the SILENT Model. 
Indicator Categories Indicator Sets Individual Indicators 
Demography 
Residential 
characteristics 
Population density  
Labour force participation 
Car ownership 
Employment 
characteristics 
Jobs to housing balance  
Employment density  
Land Use and Urban 
Form 
Housing compactness 
Mix use ratio 
Dwelling density  
Single-family parcel size  
Single-family dwelling density  
Multifamily dwelling density  
Local amenities 
Recreation facility supply  
Socio-cultural facility supply 
Transport 
Transit orientation 
Transit adjacency to residents, services  
Transit patronage ratio 
Non-automobile 
travel pattern 
Transit adjacency to employment  
Transit proximity to employment  
Pedestrian network coverage  
Bicycle network coverage  
Automobile travel 
pattern 
Home-based vehicle kilometres travelled  
Non-home-based vehicle kilometres 
travelled  
Number of home-based vehicle trips  
Number of non-home-based vehicle trips 
Parking supply in employment centres 
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Table 1. Cont. 
Indicator Categories Indicator Sets Individual Indicators 
Environment 
Residential resource 
consumption 
Wastewater generation  
Solid waste generation 
Energy use  
Residential water consumption  
Pollution generated 
from traffic 
Greenhouse emissions generated  
Stormwater runoff pollution generated 
Noise pollution generated 
 
3.3. Indexing Base of the Model 
 
In the literature, the terms ―composite indicators‖ and ―indices‖ are generally considered as 
synonymous [5,36]. While the final product of some studies is a composite indicator, others produce a 
series of comparable indices. Particularly in measuring sustainability, these are grouped under the 
usual environmental, economic and social indices [28]. The main characteristic of the indices is that 
they do not have a unit, so that they provide comparison opportunity between localities [31]. The 
procedure followed in generation of the indices also points out the main weakness of the composite 
indicators. Components are assigned weights with the proportion of variances in the original set of 
indicators, and can then be aggregated using an additional or a functional nature. Weightings are used 
to correct the information overlap of correlated indicators, so as to ensure that the results are not  
biased [32]. The weighting methodology carries a value-dependent bias and, in some cases, weighting 
with linear aggregation causes substitution among indicators. This gives rise to overly-normalised 
index values [36]. The SILENT Model determines its indicators’ weightings through a Delphi study. 
Aforementioned expert team is also consulted to help authors with assigning appropriate weightings to 
each indicator.  
However, aggregation of these indicators as an index can cause, in some cases, critical information 
losses which make it difficult to identify negative or positive changes in the indicator due to the 
offsetting effects of the positive indicators on negative ones. A good example is from Oregon, US, 
where a framework measuring environmental, social and economic sustainability levels showed a rise 
in social and economic indices and a falling environmental index, but with a rise in the overall 
sustainability index [37,38]. The inability to identify negative movement of indicators may lead to 
remedial efforts that are applied too late; this would then render the whole exercise fruitless. 
Composite indices have also been criticised for their inability to show the negative movements of 
particular indicators, thus making it difficult to implement strategies that target specific problem  
areas [39]. Therefore, while working with composite indices, the SILENT Model also uses control 
indicators in a disaggregated form or, at least, to select critical indicators that can be used for early 
warnings about critical mistakes. 
Besides the earlier mentioned Delphi study the SILENT Model also uses a set of statistical methods 
in order to make sure the most suitable indicators are selected. The statistical analysis is undertaken to 
clarify the relationship between indicators and urban sustainability by employing Factor Analysis 
Technique, one of the widely used multivariate analysis methods. Before determining the factors 
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impacting sustainability levels, a correlation matrix is formed to select indicators to be analysed. After 
this, factors are designated via checking screeplot of eigenvalues, and then indicators are assigned to 
the respective factors by using rotated loading matrix technique. This process is useful in providing a 
lesser number, conceptually sound and relatively independent set of factors, where they form the main 
drivers of urban sustainability within the framework of the SILENT Model. 
The second step of the SILENT Model is to normalise the values of each indicator before weighting 
and aggregation procedures. There are three widely used methods for normalisations [5]. The first 
method is to use a standardised distribution, such as normal or t-distribution. Secondly, it is possible to 
convert all values into standard ordinal scale (e.g., Likert scale). Thirdly, linear arithmetic 
normalisation procedures could be employed using minimum and maximum values of the indicators. 
The main differences between these approaches are that they give different weightings to the values 
according to their difference from the mean value. Or, as in the Likert scale, values are placed into 
distribution-free scale, thus potentially bringing researchers, practitioners and public perceptions 
together for the normalisation procedure. This study uses the Likert scale in order to convert all values 
into standard ordinal scale (i.e., Low, Medium-low, Medium, Medium-high, and High). This 
normalisation method is proven to be useful and used in similar indexing studies [31]. 
The third step involves assigning the weighting of each indicator or factor. Various techniques such 
as multivariate analysis of factor analysis, and public and expert opinion techniques are employed for 
this procedure [5,30,34]. The main consideration at this stage is to select a robust method that 
evaluates weightings as to their relative importance in the model or, alternatively, in the decision 
making procedure. The latter consideration is the main reason for the Delphi method.  
The fourth step of the model is aggregation of the respective indicators to produce a set of indices 
and a composite index. While the literature shows us that simple additive rules are generally employed, 
it is possible to define a functional form for aggregation. As stated by Singh et al. [5], composite 
indices should ideally remain relatively simple in terms of their construction and interpretation, and the 
choice of method employed in weighting and aggregation is ultimately dependent on the nature and 
scope of the particular case study. In the SILENT Model aggregation and disaggregation method is 
undertaken in two scales. The first one is the aggregation of normalised data from street and parcel 
levels into grid cells, and also at the same time disaggregation of Census data from Census Collection 
Districts (CCDs) into grid cells. The second one is aggregation of grid cell sustainability levels  
into CCDs, postcode areas and suburbs.  
The last step of the SILENT Model is visualisation of the composite index values in a GIS 
environment. ArcGIS is used as a system for spatial analysis and visualisation. The GIS-based model 
produces a grid cell system for sustainability analysis. The study area is divided into 100 × 100 meters 
grid cells and composite sustainability index values of all indicators are transferred into the grid cells. 
Following the entry of the weighting factors, the GIS system produces a set of indices including 
composite sustainability index in five comparative sustainability levels: Low, Medium-low, Medium, 
Medium-high, and High. These five comparative sustainability levels are set by assigning calculated 
Likert scale values for each indicator between the value of 0 and 5: Low (0.00–1.00),  
Medium-low (1.01–2.00), Medium (2.01–3.00), Medium-high (3.01–4.00), and High (4.01–5.00). 
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Figure 2. Composite Sustainability Indexing Structure of the SILENT Model. 
 
 
The GIS system also provides a tabular report for exact unit values of the comparative sustainability 
level of each grid cell. This report contains a sustainability figure each, between 0 and 5,  
for 30 indicators, a figure each for nine indicator sets, a figure each for four indicator categories, and a 
composite index value representing the overall sustainability level of this particular grid cell. These 
grid cell values via the aggregation method in the GIS environment are converted into other 
geographical scales of analysis, such as street, neighbourhood, CCD, suburb and city [31]. As well as 
the composite urban sustainability map, a map each is prepared for all indicators, indicator sets, and 
indicator categories. Figure 2 above illustrates the basic composite urban sustainability indexing 
structure of the GIS-based model. 
 
3.4. Policy Support Base of the Model 
 
The SILENT Model develops a set of indices and a composite sustainability index to be used for 
benchmarking and performance assessment of comparative urban sustainability levels and 
development of relevant policies and strategies, considering both current and future comparative 
sustainability levels. This allows for the review of the capacity and comparative sustainability levels of 
current urban formation, and enables the forecasting of future scenarios, via simulation, which local 
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and state governments, planning institutions and firms and local community organisations could highly 
benefit from.  
This indexing model can be used for informing policy, strategy formation and also as a planning or 
decision support system. Some of the particular planning policy areas that the SILENT Model is 
relevant to include: Planning and managing sustainable urban development; Planning the development 
of sustainable transport infrastructure and services; Planning for and prioritising sustainable urban 
infrastructure; Assessing the development applications; Designating conservation areas; Safeguarding 
existing environmental assets and values; Developing policies for sustainability and intervening with 
unsustainable development; Increasing awareness among the community via participatory planning 
mechanisms promoting urban sustainability.  
The SILENT Model has the communicative advantage of being easy to convey comparative levels 
of sustainability, making it a relatively simple exercise for both the general public and decision makers 
to understand. The model can also be used for forecasting, with future infrastructure scenarios to be 
evaluated using predicted data and development trends.  
As the SILENT Model is recently developed, at this early stage of the project it could only be tested 
with dummy figures in a case study in the Gold Coast, Australia. The main purpose of this dummy 
pilot study is not to measure accurate sustainability levels, but to see whether the model works 
properly and provides meaningful findings. Figure 3 below demonstrates an example of the composite 
index developed for part of the Gold Coast City by using hypothetical data. Unsurprisingly the 
application of the model in a hypothetical exercise in the Gold Coast showed that areas around major 
arterial roads and main activity centres generally have low sustainability levels compared to those 
close to green spaces and natural environment. This experiment has demonstrated that the model in the 
broad sense working properly and ready for minor adjustments and calibration. Once the model is 
calibrated based on this pilot testing, it will be run with real data. 
Figure 3. Sample Composite Indexing Map of the SILENT Model. 
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Authors of this paper and the rest of the research team are commissioned by the Local Government 
of Gold Coast City, and the State Transport Authority of Queensland Transport and Main Roads, to 
undertake a case study for the three selected Gold Coast suburbs—Coomera, Helensvale and  
Nerang—by using the SILENT Model to provide more accurate assessment of their existing and future 
sustainability levels. The data collection stage of this case study has already been commenced and it is 
expected to be completed in early 2010, and then the SILENT Model will be applied to the selected 
suburbs of the Gold Coast.  
 
4. Conclusions  
 
The research results demonstrate that it is possible to produce a viable local level sustainability 
assessment model, apply the model to a major urban area (e.g., Gold Coast City), and produce a 
mappable sustainability index. However, this paper only describes the first iteration of the SILENT 
Model. In this first run we only looked at the basic four key dimensions of urban sustainability  
(i.e., urban demography, land use and urban form, transport and the environment). Parallel to the views 
of Gasparatos et al. [40,41], we also acknowledge that additional aspects are also needed to be 
considered (e.g., equity, participation, and the precautionary principle). Hence, further research is 
anticipated which will focus on enhancing the model by testing various indicators in order to best 
reflect comparative sustainability levels of urban localities. Another area for further development and 
amendment of the model involves the inclusion of infrastructures other than transport (e.g., water, 
sewerage, stormwater, power) in to the SILENT Model. Moreover, decreasing the grid cell sizes and 
developing a parcel-based module of the model are among the improvements to be explored in future 
refinements. All these improvements will also be tested in several pilot studies, and several sensitivity 
analyses with different weightings will be conducted before the model is potentially adopted into Gold 
Coast City Council’s planning mechanism. 
While still in its infancy, the SILENT Model has been tested on the Gold Coast case study by using 
hypothetical data. The sustainability indexing and assessment experience has shown that, when fully 
operationalised, the model has the potential to help planners and policy makers to pursue an integrated 
framework for locally adoptable sustainability policies. The model is useful in providing unambiguous 
representation of relationships in urban form and problem areas of urban settings and, where necessary, 
policies can be tested and accommodated. The model employs a holistic view of urban dynamics and is 
not only an invaluable sustainability and environmental impact assessment model, but also a practical 
planning decision support system. When considered in the context of growing population, urban and 
environmental problems and climate change, the SILENT Model has an immense potential to aid 
involved parties in forming sustainable urban and transport development policies and in monitoring 
their impacts on the environment. 
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Appendix 1. Indicator System of the SILENT Model. 
Indicator 
Categories 
Indicator  
Sets 
Individual 
Indicators 
Indicator  
Descriptions 
Indicator 
Parameters 
Formulas Used  
for Assessment 
Demography 
Residential 
characteristics 
Population density  
Total residents per study area 
division 
Residents/gross m²  
(Number of residents living in a Census Collection District 
(CCD))/(Area of the CCD) 
Labour force 
participation 
Total number of employees in the 
study area division 
Employees  
(Number of full-time and part-time employees in a CCD) 
Car ownership 
Per capita automobiles per gross 
study area division 
Automobiles per capita 
(Number of automobiles in a CCD)/(Number of people in 
the CCD) 
Employment 
characteristics 
Job to housing 
balance  
Total number of jobs per dwelling 
units 
Jobs/dwelling unit or 
jobs/unit area  
(Number of employees working at the designated 
CCD)/(Area of the CCD) 
Employment 
density  
Number of employees per hectare 
of land designated for employment 
use 
Employees/unit of area 
(Number of employees working at the employment 
centre)/(Area in hectare of the employment centre) 
Land-Use & 
Urban Form 
Housing 
compactness 
Mix use ratio 
Proportion of mix or dissimilar 
developed land uses among a grid 
of cells of user-defined size (e.g., 
100 × 100 m), expressed on a scale 
of 0 to 1, which includes vertical 
dissimilarity in mixed-use cells 
Scale 0 to1  
 
 
 
 















n
i a
ai
n
i a
ai
i
UU
DD
M
1
8
1
1
8
1
 
iU
: Uses at cell i 
iD : Uses at cell i dissimilar to another use at cell i (vertical 
mix) 
aU
: Uses at adjacent cell a 
aD : Uses at cell a dissimilar to another use at cell i 
(horizontal mix) 
iM
: Use mix at cell i. 
Dwelling density  
Dwelling units per gross study area 
division 
Dwelling unit /gross m² 
(Number of dwellings in a residential block)/(Area of the 
block) 
Single-family 
parcel size  
Average size of single-family 
residential parcel in m² 
Average parcel size in 
square meters 
(Total area of single-family residential parcels in a 
block)/(Total number of single-family residential parcels in 
the block) 
Single-family 
dwelling density  
Single-family dwelling units per net 
hectare of land designated for 
single-family use 
Dwelling unit /area 
(Number of single family dwellings in a  
block × 10,000)/(Area of the block) 
Multifamily 
dwelling density  
Multi-family dwelling units per net 
hectare of land designated for 
multifamily use  
Dwelling unit /area 
(Number of multi-family dwellings in a  
block × 10,000)/(Area of the block) 
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Appendix 1. Cont. 
Indicator 
Categories 
Indicator  
Sets 
Individual 
Indicators 
Indicator  
Descriptions 
Indicator 
Parameters 
Formulas USED  
for Assessment 
Land-Use & 
Urban Form 
Local amenities 
Recreation facility 
supply  
Area of recreational facilities 
(separately) per 1,000 residents 
m²s/1,000 persons 
(Area for recreational facilities × 1,000)/(number of 
residents in CCD) 
Socio-cultural 
facility supply 
Area of socio-cultural facilities 
(separately) per 1,000 residents 
m²s/1,000 persons 
(Area for socio-cultural facilities × 1,000)/(number of 
residents in CCD) 
Transport 
Transit 
orientation 
Transit adjacency 
to residents and 
services  
Percentage of residents within the 
user-defined linear distance of 
designated amenities 
% population w/i user 
buffer 
(Number of residents w/i the buffer of walkable 
distance)/(Total number of residents) 
Transit patronage 
ratio 
Percentage of residents and 
employees using public transport 
(PT) 
% population  
(Number of people using PT in a CCD)/(Total number of 
people in the CCD) 
Non-automobile 
travel pattern 
Transit adjacency 
to employment  
Percentage of employees within the 
user-defined linear distance of 
designated amenities 
% employees w/i buffer 
(Number of employees w/i the buffer of walkable 
distance)/(Total number of employees) 
Transit proximity to 
employment  
Average travel distance/time from 
all workplaces to closest designated 
amenities 
Average walk dist/time 
to closest stop 
 

 
w
pp
E
EP  
pP
: shortest network path travel time by walking in minutes 
from parcel p to a stop 
wE : number of employees w/i walking distance to the stop 
Pedestrian network 
coverage  
Percentage of total street frontage 
with improved sidewalks on both 
sides 
% of streets w/sidewalks 
 

 
s
ss
L
LC  
sC  : percentage of sidewalk completeness for street 
segment s in a CCD 
sL  : length in m of street segment s in the CCD 
Bicycle network 
coverage  
Percentage of total street centerline 
distance with designated bike-route 
% street centreline w/i 
bike route 
(Length of bicycle route)/(length of streets) 
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Appendix 1. Cont. 
Indicator 
Categories 
Indicator  
Sets 
Individual 
Indicators 
Indicator  
Descriptions 
Indicator 
Parameters 
Formulas USED  
for Assessment 
Transport 
Automobile 
travel pattern 
Home-based vehicle 
kilometres travelled  
Average daily home-based vehicle 
kms traveled (VKT) per capita 
km/day/capita 
(Total daily home-based VKT in a CCD)/(Total number of 
people in the CCD) 
Non-home-based 
vehicle kilometres 
travelled  
Average daily non-home-based 
vehicle kms traveled per capita 
km/day/capita 
(Total daily non-home-based VKT in a CCD)/(Total number 
of people in the CCD) 
Number of  
home-based vehicle 
trips  
Average daily home-based vehicle 
trips produced per capita 
trips/day/capita 
(Total daily home-based trips in a CCD)/(Total number of 
people in the CCD) 
Number of  
non-home-based 
vehicle trips 
Average daily non-home-based 
vehicle trips produced per capita 
trips/day/capita 
(Total daily non-home-based trips in a CCD)/(Total number 
of people in the CCD) 
Parking supply in 
employment centres 
Average number of parking lots per 
employee 
parking space/employee  
(Area of parking area in a employment centre)/(Number of 
employees in the CCD) 
Environment 
Residential 
resource 
consumption 
Wastewater 
generation  
Total study area daily wastewater 
generation in litres 
litres/day 
(Daily wastewater production per household) 
Solid waste 
generation 
Total study area daily solid waste 
generation in kg 
kg/day 
(Daily solid waste production per household) 
Energy use  
Total study area annual energy use 
(non-renewable) in btu 
MMBtu/yr/capita 
(Annual energy consumption per household) 
Residential water 
consumption  
Average daily residential water 
consumption in litres 
litres/day/capita 
(Daily water used for internal and landscaping 
uses)/(Number of people) 
Pollution 
generated from 
traffic 
Greenhouse 
emissions generated  
Average annual CO2 emissions 
coming from transport activities 
kg/capita/yr 
(Annual total VKT × CO2 emission per km)/(Total number 
of the people) 
Stormwater runoff 
pollution generated 
Average annual pollution coming 
from impervious surfaces 
(particularly roads) 
kg/yr 
(Annual total build-up of petroleum hydrocarbons, heavy 
metals and solids on the road surfaces) 
Noise pollution 
generated 
Number of people exposed to traffic 
related noise 
Residents 
(Number of people living along the main arterials’ buffer  
of 55 dB) 
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